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FUEL SUPPLY SYSTEM FOR A ROTARY PISTON 
ENGINE 

BACKGROUND OF THE INVENTION‘ 
1. Field of the Invention: - 
The present invention relates to a rotary piston engine 

and, more particularly, a method of and a device for 
supplying fuel to a rotary piston ‘engine of the type 
which comprises a casing composed of a rotor housing 
having a trochoidal inner peripheral surface and side 
housings which close opposite ends of said rotor hous 
ing and a polygonal rotor adapted to rotate eccentri 
cally in said casing with apex portions thereof sliding 
over said trochoidal surface while de?ning a plurality of 
combustion chambers between said trochoidal surface 
and individual side walls of said polygonal rotor. 

2. Description of the Prior Art: 
The rotary piston engine of the abovementioned type 

(Wankel-type) has, due to its particular combustion 
process, a feature that, although the HC and CO con 
tent in the exhaust gas are relatively high, the content of 
NOx is relatively low when compared with the conven 
tional reciprocating piston engine. This feature of the 
rotary piston engine is utilized for providing a low air 
pollution engine, wherein HC and C0 are eliminated by 
the recombustion of said constituants in a thermal reac 
tor while the content of NOx is primarily low enough to 
satisfy-the current regulations without any treatment 
therefor. However, it is expected that the regulations 
regarding the exhaust gas of automobiles will become 
stricter in the future. Therefore, the present rotary pis 
ton engine will soon exceed the limitation regarding the 
amount of NOx. ‘ 

It is known that generally there is a relationship such ‘ 
as shown in FIG. 1 between the air/fuel ratio and the 
emission of HC, CO and NOx in the exhaust gas of a 
gasoline engine, although in FIG. 1 the scales for CO, 
HC and NOx are particularly adapted for the case of the 
rotary piston engine. As is apparent from FIG. 1, the 
NOx content in the exhaust gas becomes maximum 
when the air/fuel ratio is 15-16 and lowers relatively 
steeply as the air/fuel ratio increases or decreases-from 
the abovementioned value. The present anti-air pollu 
tion rotary piston engine employs air/fuel ratio of about 
12-13, whereby the emission of NOx is restricted within 
an acceptable limit while the HC andCO delivered in 
this operational condition are eliminated by recombust 
ing the vsame in a thermal reactor. However, if, for ex 
ample, the limit value of 0.25 g/km for NOx, which is 
expected to be enforced in the near future, is to be satis 
tied, the NOx content must be lower than l30ppm. To 
accomplish this, the air/ fuel ratio must be. either sub 
stantially low like the order of ll-l2 or, on the con 
trary, relatively high like the order 18-19. If the air/fuel 
ratio is lowered to the order of l l-l2, the amount of HC 
and CO substantially increases beyond the limit which 
can be processed by the present thermal reactor orv 
catalyst. On the other hand, if the air/fuel ratio is in. 
creased so high’as 18-19,.the ignitability of fuel/air 
mixture becomes so poor as to cause mis?ring and to 
make it dif?cult'to maintain smooth operation of the 
engine. In this condition, the CO content is almost zero 
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and although the amount of HC relatively increases a 
when compared with its minimum value, its absolute 
value is still acceptable and it is possible to process the ‘ 
uncombusted components by the presentthermal reac 
‘tor or catalyst. _ 

2 

'SU‘MMA'RY‘OF THE INVENTION 
The present invention isbased upon the consider 

ations regarding the aforementioned relationship be 
tween theair/fuel ratio and the emission of HC, CO and 
NOx and contemplates providing an air-pollution free 
clean engine which can maintain smooth operation 
while supressing-emission of NOx within the limit to 
satisfy the regulations, and simultaneously supressing 
the emission of HC and C0 within the limits suf?cient , 
to be processed by a‘thermal reactor or catalyst. 
Accordingly, thetobject of the present invention is to 

provide a novel system of supplying fuel for an airpollu 
tion ‘free clean engine based upon the aforementioned 
principle. 
Other objects and further scope of applicability of the 

present invention will become apparent from the de 
tailed description given hereinafter; it should be under 
stood, however, that the detailed description and spe 
ci?c examples, while indicating preferred embodiments . 
of the invention, are given by way of illustration only, 
since various changes and modi?cations within the 
spirit and scope of the invention will become apparent 
to those skilled in the art from this detailed description. 
According to the present invention, the abovemen 

tioned object is accomplished by a method of supplying 
fuel to a rotary piston engine of the type comprising a 
casing composed of ‘a rotor housing having a trochoidal 
inner peripheral surface and side housings which close 
opposite ends of said rotor housing, and a polygonal 
rotor adapted to rotate eccentrically in said casing with 
apex portions thereof sliding over said trochoidal sur 
face while defming a plurality of combustion chambers 
between said trochoidal surface and individual ?anks of 
said polygonal rotor, wherein relatively rich- fuel-air 
mixture or a relatively lean fuel-air mixture is supplied - 
to said plurality of combustion chambers according to a 
predetermined order. 
According to the abovementioned method, for exam 

ple, -a ?rst combustion chamber which performs the 
suction stroke in the ?rst of the orderis supplied with a 
relatively rich fuel-air mixturehaving a air/fuel ratio in 

. the order- of about 11-12 and a second combustion 
chamber which performs the suction stroke in the sec 
ond of the order is supplied with a relatively lean fuel 
air mixture having an air/fuel ratio in the order of about 
l8—l9, the subsequent combustion chambers being sup 
plied with a relatively rich or a relatively lean fuel-air 
mixture, alternately, in the same manner. Under this 
operating condition, the exhaust gas delivered from the 
rotary piston enginewill show a low NOx value like 
below 130 ppm with respect to any combustion cham 
ber operating with either therich or the lean fuel-air 
mixture. As for the CO content, the exhaust from the‘ 
combustion chamber which operates with a relatively 
rich fuel-air mixture will show about 7% emission of 
CO, while the exhaust from the combustion chamber 
which operates with the relatively lean fuel-air mixture 
will show substantially zero emission of CO, thus result 
ing in a mean value of CO emission in the order of 3.5% 
which is lower than the 4% in the conventional opera 
tion by’ air/fuel ratio of about 13. With respect to HC, 
the emission will slightly increase. However, since the 
absolute value of HC is relatively low, the overall con 
tent of the uncombusted components resulting from C0 
and HC is limited within the range which can be treated 
by the conventional thermal reactor. 
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The combustion in the combustion chamber supplied‘ 
with the relatively lean fuel-air mixture of the air/fuel 
ratio in the order of about 18-19 will cause mis?ring due 
to poor ignitability of the lean fuel-air mixture, if the 
rotation of the rotor is to be maintained only by such 
combustion, thereby causing unstable operation of the 
engine. In the present invention, however, the roation 
of the rotor is assisted by the stable combustion in the 
preceding combustion chamber operating with a rela 
tively rich fuel-air mixture of the air/fuel ratio in the 
order of about l1-l2, whereby the rotation of the rotor 
is stably maintained. Thus, the present invention accom 
plishes a reduction of the NOx, which is considered to 
be a most difficult component to reduce, to the order of 
130 ppm which is the limit expected to be enforced in 
the near future, while suppressing'CO and HC within an 
acceptable limit and ensuring smooth and stable opera 
tion of the engine. 
With regard to the combustion of lean fuel-air mix 

ture, there is a problem in that the temperature of the 
exhaust gas lowers thereby making it dif?cult to effect 
recombustion treatment of HC and CO. In this connec 
tion, the present invention provides for a solution be 
cause a relatively high‘ exhaust gas temperature is ob 
tained in the phase of the rich combustion in the alter 
nate combustion of the rich and the lean fuel-air mix 
ture, even when the overall air/fuel ratio is relatively 
high and, therefore, recombustion of the uncombusted 
components in the thermal reactor is effected with a 
high ef?ciency. 
As an apparatus for supplying fuel in the abovemen 

tioned manner to the rotary piston engine of the above 
mentioned type, the present invention proposes a device 
comprising an intake port which opens in the inner wall 
of said casing, an intake manifold connected to said 
intake port for supplying air therethrough, and a fuel 
injection means for injecting fuel into said intake mani 
fold, wherein a control means is provided for control 
ling said fuel injection means so as to generate a rela 
tively rich fuel-air mixture or a relatively lean fuel-air 
mixture according to a predetermined order for said 
plurality of combustion chambers. 
By supplying fuel in an injecting manner by employ 

ing the abovementioned fuel supply device, the amount 
of fuel supplied to individual combustion chambers can 
be controlled by regulating the time for injecting fuel in 
a very high responsiveness so that the amount of fuel is 
altered with high precision for every combustion cham 
ber which successively performs the suction stroke, 
thereby effecting the abovementioned alternating com 
bustion between the rich fuel combustion and the lean 
fuel combustion. 

BRIEF DESCRIPTION OF THE DRAWING 
The present invention will become more fully under 

tood from the detailed description given hereinbelow 
and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of 
the present invention, and wherein, 
FIG. 1 is a graph showing the emission of CO, HC 

and NOx in the exhaust gas of a gasoline engine with 
respect to air/fuel ratio, the graph being particularly 
scaled for the rotary piston engine; ' 
FIG. 2 is a diagrammatical view showing the basic 

constitution of the rotary piston engine incorporating‘ 
the fuel supply system according to the present inven 
tion; and, - 
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4 
FIG. 3 is a longitudial section of an example of a fuel 

injection means employable in the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 2, a rotor housing 2 having a tro 
choidal inner peripheral surface 1 is assembled, with side 
housings 4 each having a ?at inside surface 3 to provide 
a casing for housing a triangular rotor 5. The rotor is 
provided to be rotatable eccentrically around an eccen 
tric shaft 9 with its apex seals 6a—6c provided at its three 
apex portions contacting said trochoidal surface. Side 
seals 7 are provided along three side edges and simulta 
neously contact said inner surface 3 of the side housing 
under the meshing of an internal gear 8 thereof with a 
?xed gear 10 of the eccentric shaft 9. The rotor 5 in the 
casing defines three combustion chambers 12a-l2c by 
its three arcuate peripheral ?anks Ila-11c cooperating 
with said trochoidal inner peripheral surface. For the 
three combustion chambers, said three arcuate ?anks 
Ila-11c provide recesses 13a-13c at a central portion 
thereof, respectively. Adjacent a short axis portion 14 
of the trochoidal inner surface 1 of the rotor housing 2 
are provided two ignition plugs 15, while adjacent an 
other short axis portion 16, rearward a seen in the rota 
tional direction of the rotor, an exhaust port 17 is pro- - 
vided, said port being connected with an exhaust mani 
fold 18. Adjacent the short axis portion 16, forward as 
seen in the rotational direction of the rotor, a peripheral 
intake port 19 is provided, siad port being connected 
with an intake manifold 20. A throttle body 21 is 
mounted at an inlet end of the intake manifold 20, said 
throttle body having an airy supply passage 22 and a 
throttle valve 23 provided in said passage. Upstream of 
the throttle valve 23, an air ?ow sensor 25 is provided 
for detecting intake air ?ow supplied through the air 
supply passage 22. An air cleaner 24 is mounted at‘the 
entrance of the air supply passage 22. The air ?ow 
sensor 25 may be of any conventional type such as a 
heat wire sensor employing a heat sensitive resistor 
element, a ?apper sensor employing a ?apper element, 
etc. which is particularly adapted to dispatch an electric 
signal corresponding to the intake air ?ow. The electric 
signal from said sensor is supplied to an electric com 
puter 26 as explained hereinunder. Note, the electric 
computer 26 may, for example, be a slight modification 
of the electronic system disclosed in FIG. 7 of US. Pat. 
No. 3,827,237. , . _ 

The intake manifold 20 is equipped with a fuel injec 
tion means 27 which injects fuel into the air supplied 
through the intake manifold according to a signal dis 
patched from the computer 26. The fuel injection means 
27 may preferably be of an electro-magnetic type as 
exemplarly shown in FIG. 3. The fuel injection means 
27 comprises a body 28 and a solenoid casing 29 sup 
porting a solenoid 30 which, upon receipt of a driving 
pulse from the computer 26, draws a plunger 31 thereby 
shifting a needle valve body 32 against the action of a 
compression coil spring 33 to open an injection port 35 
provided at a tip end portion of a nozzle body 34. A rear 
end portion of the body 28 is connected with a fuel 
supply hose 36 and the fuel supplied from said hose 
under pressure passes through a central opening pro 
vided in said body and further through a central open— 
ing provided in the plunger 31 and the needle valve 
body 32 to be ejected from the injection opening 35 into 
the intake manifold 20, as shown by arrows in the ?g 
ure. As the stroke of the needle valve bodyvis constant, 



4,055,155 
5 

the amount of fuel injected by the injection means is 
determined by the time in which the needle valve is 
opened, i.e., the time in which the solenoid is energized. 
The computer 26 is supplied with a signal regarding 

the rotational phase of the rotor from a distributor 37 
which may be of a conventional type. According to the 
timing signal supplied from the distributor 37, the com 
puter 26 dispatches pulse signals for instructing fuel 
injection to the fuel injection means 27, said pulses being 
syncronized to the rotation of the rotor and changed 
asto their duration so as to be relatively long or rela 
tively short according to a predetermined order, the 
absolute duration of said pulses being further modi?ed 
according to the intake air flow detected by the air flow 
sensor 25. In more detail, if, for example, the combus 
tion chamber 12a begins to perform a suction stroke, the 
computer 26 dispatches a relatively long pulse injection 
signal to the fuel injection means 27 according to the 
timing signal received from the distributor 37. Upon 
receipt of the injection signal, the fuel injection means 
27 makes injection of fuel for a period determined by 
the duration of the pulse signal thereby injecting a rela 
tively large amount of fuel into the air supplied through 
the throttle body 21, thus generating a relatively rich 
fuel-air mixture having the air/ fuel ratio in the order of 
about 11-12, said mixture being supplied to the combus 
tion chamber 12a. As the rotor 5 further rotates, the 
next combustion chamber 12c begins to perform a suc 
tion stroke. Corresponding to this rotation of the rotor, 
the next timing signal is supplied form the distributor 37 
to the computer 26, which, upon receipt of the timing 
signal, dispatches a relatively short pulse injection sig 
nal to the fuel injection means 27 thereby having the 
fuel injection means inject a relatively small amount of 
fuel determined by the relatively short pulse injection 
signal to the air flowing through the intake manifold 20, 
thus generating a relatively lean fuel-air mixture having 
the air/fuel ratio in the order of about 18-19 for charg 
ing the combustion chamber 120. As the rotor further 
rotates, for each combustion chamber which performs 
the suction stroke, the fuel injection means 27 provides 
fuel injection with a relatively long or short duration to 
generate a relatively rich or lean fuel-air mixture, re 
spectively. 

Instead of the aforementioned exact alteration of a 
relatively rich and lean fuel-air mixture, the alteration 
between the rich and the lean mixture may be varied in 
a manner so that, for example, after supplying a rela 
tively rich fuel-air mixture, two or three additions of a 
relatively lean fuel-air mixture may be provided, repeat 
ing this cycle for successive combustion chambers. 
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Furthermore, although the intake port is formed as a 

peripheral port in the shown embodiment, this may be 
replaced by a side intake port. 
Although the present invention has been shown and 

described with reference to a preferred embodiment, it 
should be understood by those skilled in the art that 
various modi?cations, omissions or additions may be 
made thereto without departing from the spirit of the 
present invention. 

1 claim: 
1. A rotary piston engine comprising a casing com 

posed of a rotor housing having a trochoidal inner pe 
ripheral surface and side housings which close opposite 
ends of said rotor housing, a polygonal rotor adapted to 
rotate eccentrically in said casing with apex portions 
thereof sliding over said trochoidal surface thereby 
de?ning a plurality of combustion chambers between 
said trochoidal surface and the individual ?anks of said 
polygonal rotor, an intake port which opens in the inner 
wall of said casing, an intake manifold connected to said 
intake port for supplying air therethrough, a fuel injec 
tion means for injecting fuel into said intake manifold, 
means for detecting the intake air flow rate and for 
dispatching a ?rst signal showing the intake air flow 
rate, means for detecting the rotation of said rotor and 
for dispatching a ‘second signal showing the rotational 
timing of said rotor, a computer which operates, de 
pending upon said first and second signals, to produce a 
series of fuel injection signals for actuating said fuel 
injection means in a manner such that the duration and 
timing of the fuel injection are determined by said ?rst 
and second signals, respectively, and that the duration is 
further modi?ed to be relatively long or short with 
respect to individual fuel injections according to a pre 
determined order so as to selectively produce a rela 
tively rich fuel-air mixture of about 11-12 air/fuel ratio 
or a relatively lean fuel-air mixture of about 18-19 air/f 
uel ratio. ' 

2. The engine of claim 1, wherein said fuel injection 
means is of an electromagnetic type and is adapted to 
make the fuel injection while it receives an electric 
pulse, and said series of fuel injection signals are a series 
of electric pulses. 

3. The engine of claim 1, wherein a throttle body is 
mounted at the inlet end of the intake manifold and said 
means to dispatch said ?rst signal is an air flow sensor 
provided in the throttle body. , 

4. The engine of claim 1, wherein said means to dis 
patch said second signal is a distributor. 

5. The engine of claim 3, wherein the air ?ow sensor 
is a heat wire sensor employing a heat-sensitive resistor 
element. 
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